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sure reflects these conditions and in itself may contribute to postoperative effusions. 19 Based on these observations, we reasoned that a surgically created, temporary communication between the right and left atria should decrease operative mortality and morbidity in the presence of these conditions. Right-to-left shunting through this baffle fenestration would allow cardiac output to be maintained (at the expense of oxygenation) in the presence of conditions that hinder pulmonary blood flow See p 1866 and would also limit elevation of right atrial pressure. Our previous experience with transcatheter closure of postoperative atrial leaks and of native atrial septal defects using a double umbrella "clamshell" device20-22 indicated that transcatheter closure of a surgically created baffle fenestration should be accomplished without difficulty.
Methods

Patient Population
A modified Fontan repair with fenestration of the intra-atrial baffle was performed in 20 patients, who ranged in age from 9 months to 22 years (mean, 6.8 + 6.2 years). The anatomic diagnoses and previous surgeries are listed in Table 1 . Most of these patients 
Surgical Technique
An intra-atrial baffle (using polytetrafluoroethylene in 19 patients and pericardium in one) was constructed, as has been previously described, in conjunction with end-to-side anastomosis of the divided superior vena cava to the pulmonary artery or of the divided pulmonary artery to the superior vena cava. 24 Once the baffle was sutured in place, a central hole was made, assuring that there would be room on all sides for the 8.5 -mm arms of the 17-mm umbrella device that would be used for closure. Fenestration size was determined with consideration given to the size of the desired shunt, the patient's weight, and the technical requirements of transcatheter closure. We reasoned that the magnitude of the shunt would be determined by both the postoperative resistance in the pulmonary capillary bed and by the size of the fenestration. The umbrella device is delivered by means of an 11F sheath with an outer diameter of 4.0 mm, which must cross through the fenestration. The size of the hole ranged from 4 to 9 mm; in 16 of the 20 patients, the hole was between 4 and 6 mm in diameter. Table 1 lists the fenestration size for each patient.
Additional surgical procedures performed concurrently with the Fontan repair included the following: pulmonary artery reconstruction in five patients, with continuity of the pulmonary arteries restored in one; repair of partial anomalous pulmonary venous connection in two patients; and end-to-side pulmonary artery to ascending aorta anastomosis in one patient. Two patients required bilateral cavopulmonary anas-tomoses because of absence of a connecting vein between the cavae.
Catheterization
Cardiac catheterization was performed after the operation, when patients no longer required drainage of pleural effusions. After hemodynamic and angiographic assessment, the fenestration was occluded with a balloon for 10 minutes. If this did not result in a marked increase in right atrial pressure or decrease in right atrial saturation, we permanently closed the fenestration with a 17-mm "clamshell" doubleumbrella device. An angiogram was performed in the right atrium to assess adequacy of closure (Figure 1) Five patients were found to have sites of right-toleft shunting separate from and in addition to the baffle fenestration. These included leaks at the baffle margin in two patients (superior edge of the baffle, near the mouth of the right atrial appendage, in both patients, plus inferior margin in one), a vascular communication between the systemic and pulmonary venous atria in one patient, and systemic veins to the pulmonary venous atrium in two patients. The average arterial oxygen saturation in these patients at the time of cardiac catheterization was significantly lower than in the other survivors who were catheterized (72±5% versus 84+6%;p<0.05). Three patients had these leaks closed with umbrellas or coils at cardiac catheterization. One of the marginal baffle leaks required surgical closure, and in that patient, the baffle fenestration was closed at the same operation.
Patients Tolerating Test Occlusion
Eleven patients had transcatheter closure of the fenestration performed within 20 days of surgery (mean, 10+4 days). In each case, balloon occlusion of the baffle fenestration resulted in little if any increase in central venous pressure (mean increase, 1.6±3.4 mm Hg). The arterial oxygen saturation increased (mean increase, 8%), and the mixed venous oxygen saturation increased or was unchanged (mean increase, 2%). There was thus an increase in the arteriovenous difference in oxygen content, corresponding to a mean decrease in cardiac output of 21%. The fenestrations were permanently closed with a 17-mm clamshell device. One additional child tolerated test occlusion after the operation; however, because of his small size (he was 9 months old and weighed 7 kg at the time of surgery), he was sent home to grow with the fenestration open. He returned and had the fenestration closed 3 months later, having gained 1 kg.
Patients Failing Test Occlusion
Four patients failed test occlusion, due to a marked fall in cardiac output (31-56% decrease) or a marked rise in right atrial pressure (increase of 4-6 mm Hg) (see Table 3 ). The important finding in these patients was the fall in right atrial saturation with test occlusion. They were discharged without closure. Failure to tolerate test occlusion was attributed to residual distal pulmonary artery stenosis, since been used in patients undergoing a Fontan type of repair. Transcatheter closure of the surgically created fenestration offers several advantages. The most important of these is that it allows test closure (by means of balloon occlusion) of the fenestration in the cardiac catheterization laboratory before permanent (umbrella) closure. Patients in whom test occlusion is not tolerated as a result of a correctable or reversible problem (such as residual pulmonary artery stenosis, aortopulmonary collaterals, or ventricular dysfunction) can be sent home to recover from surgery with the fenestration open and may return electively for surgical or transcatheter treatment. The fenestration diminishes the risk of a low output state and its consequences in such patients. Patients who undergo a Fontan operation at a young age can be allowed to grow before transcatheter closure.
The number of patients in this series, and the manner of their selection, precludes any generalizations about the effectiveness of this procedure; however, we are encouraged by our early experience. We believe that use of a fenestrated atrial baffle with subsequent transcatheter closure may be advantageous in patients at increased risk for a Fontan repair, particularly those with distal pulmonary artery stenosis, ventricular dysfunction, or elevated pulmonary vascular resistance. Systematic use of this procedure in selected patients continues.
